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Abstract. —A new species of flea of the family Hystrichopsyllidae, Macropsylla no-

vaehollaudiae Hastriter, collected from Pseiidomys novaehoUandiae Waterhouse near

Coles Bay. Tasmania, is described. The familial placement of the genus Macropsylla

Rothschild and Stepluuiopsylla Rothschild are discussed.
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Fleas recently collected from small mam-
mals in northeastern Tasmania were initial-

ly thought to represent Macropsylla her-

cules Rothschild. Further study revealed

that they represent an undescribed species.

Rather common in eastern Australia, the

nominate species, M. hercules, was de-

scribed from two females, individually col-

lected from Mus veliitinus = Rattus lutreo-

liis (J. E. Gray) and an unidentified species

of Mus from Launceston. Tasmania. Hop-

kins and Rothschild (1956) later illustrated

the male head and genitalia of M. hercules

from Emerald, Victoria, Australia and pro-

vided a brief description. The purpose of

this paper is to describe a new species of

Macropsylla and provide supportive evi-

dence for the familial placement of this

unique genus.

Materials and Methods

The overall body dimensions of males and

females were measured from the foremost

portion of the frons to the apex of the st.

VI II in males and to the posterior border of

the sensilium in females. Illustrations were

prepared from digitized images prepared

with a Zeiss Stemi SV 1 1 dissecting micro-

scope and Dage-MTl digital camera. Ter-

minology of morphological structures fol-

lows those of Rothschild and Traub (1971).

Macropsylla hercules Rothschild 1905

(Figs. 4, 5, 8-12, 14. 16. 17)

Material examined. —AUSTRALIA.
New South Wales: ex Rattus assimilis =

Rattus fuscipes (Waterhouse). 24 d, 32 9;

ex Rattus rattus (L.). 3 (5,3 9; ex /?. fus-

cipes, 2 (5,2 9: ex R. lutreolus, 3 S,2 $

,

and ex Melomys sp., 1 9 . Northern Terri-

tory: ex Melomys littoral is = Melomys bur-

toni (Ramsay), 1 9. Queensland: ex R. fus-

cipes, 12 (?, 24 9 ; ex /?. assimilis, \ 6,2
9 ; ex Parameles nasuta E. Geoffroy, 3 9

;

ex Rattus sp., 2 (?, 1 9. and Melomys sp.,

1 9. South Australia (Kangaroo Island): ex

R. fuscipes, 8 (?, 6 9. South Australia

(mainland): R. fuscipes, 1 S. Tasmania: ex

R. lutreolus, 20 (5 , 2 1 9 ; Pseudomys hig-

ginsi (Trouessart), 1 6.4- 9; ex Rattus lu-

treolus velutinus = R. lutreolus, 1 6 : ex

Mus velutinus = R. lutreolus, 1 9 (lecto-

type), and ex Mus sp., 1 9 (paralectotype).

West Head (location unknown): ex R. fus-



664 PROCEEDINGSOF THE ENTOMOLOGICALSOCIETY OF WASHINGTON

cipes, 1 6. Victoria: ex R. assiniilis, 11 <5,

4 9 ; ex Mus assimilis = R. fuscipes, 8 6 .

5 9 ; ex /?. lutreolus or R. assimilis, 9 9

;

and ex R. lutreolus, 1 9

.

Remarks. —Rothschild (1905) indicated

in his original description of M. hercules

(based on two females) that the row of mar-

ginal spinelets on t. V is interrupted dor-

sally. Examination of the lectotype reveals

that the dorsal spinelets are not interrupted,

but broken off (Figs. 6, 12, black arrows),

although those of the paralectotype are in-

terrupted (Fig. 9, black anow). A dorsal in-

terruption in the row of marginal spinelets

among the 223 specimens (98 6, 125 9)

examined was present in only a few speci-

mens from three collection localities. Three

females from Kosciusko National Park,

New South Wales possessed a broad inter-

ruption in rows on t. III-V. No males were

examined from that locality. A slight dorsal

interruption was also present on t. V of a

single male from the Kuipto Forest, just

south of Adelaide, South Australia. This

male also possesses four deformed setae

(much longer than normal spinelets, or

combs), two each on one side arising from

the base of t. VI and t. VII, respectively.

The entire series (8 6 ,b 9 ) from Kangaroo

Island (just south of the locality of the spec-

imen from Kuipto Forest) possess a dorsal-

ly interrupted row on t. V in addition to an

intenupted row on t. VI (numbering 5-10

spinelets per side). Excluding the new spe-

cies herein described, the rows of marginal

spinelets on t-II-V of all specimens exam-

ined from Tasmania (22 6, 27 9) were

complete, and supernumary setae were not

present on t.-VI. Considerable variation ex-

ists in the number of marginal spinelets in

each row; however, the number of spinelets

occurring at, or below the level of the spi-

racle on t. V is consistent, ranging from 4-

8 in males and females of M. hercules and

0—1 in the new species (Figs. 6—11, white

aiTOws denote position of spiracles).

A new unpublished record of M. hercules

was examined (National Museum of Natu-

ral History, Smithsonian Institution, Wash-

ington, DC) from M. littoral is = M. hur-

toni, Arnhem, Smith Point, Caberg Penin-

sula, Northern Territory, 25 June 1978, leg.

PR. Bavorstock, extending the northern

limits of the species to the north central

coast of Australia. Rattus fuscipes and R.

lutreolus are the usual hosts of this flea, but

neither is normally found on the northern

coastal areas of Australia [Wilson and

Reeder (1993)]. Perhaps these commensal
rodents have been introduced by commerce
along the coast of the Arnhem region, trans-

porting the flea with them. The occunence

of M. hercules on M. burtoni is probably

an accidental association with R. fuscipes or

R. lutreolus.

Macropsylla novaehoUandiae Hastriter,

new species

(Figs. 1-3. 6, 7. 13, 15)

Type material.— AUSTRALIA. S holo-

type, 9 allotype, 2 9 paratypes, ex: Pseu-

domys novaehoUandiae Waterhouse, Coles

Bay, Tasmania, 25 November 1998, B. La-

zenby; and 1 9 paratype, ex: P. novaehol-

landiae, Flinder's Island, Tasmania, 5 Jan-

uary 1999, B. Lazenby. Holotype, allotype

and two paratypes deposited in the National

Museum of Natural History, Smithsonian

Institution, Washington, DC, and one par-

atype in the collection of the senior author.

Diagnosis. —Males may be distinguished

from M. hercules by the length of the scler-

otized inner tube that is obviously longer

and wider than the spatulate spiniform of

the basimere (Fig. 1), the apico-lateral sur-

face of P2 is adorned with 9-10 blunt spi-

niform setae (14-19 in M. hercules) (Fig.

4), spinelets of t. V interrupted dorsally

(Fig. 6, black anow). no more than 1-2

marginal spinelets below level of spiracle

on t. V (Fig. 6, white arrow), and st. IX is

without a distinct sinus in the caudal margin

beneath a caudally pointed acute lobe (com-

pare Fig. 1 and 4). Females are very similar

to M. hercules, but may be separated by a

combination of the following characters: 1)

a much weaker lobe along the posterior

margin of st. VII, 2) anterior row of setae
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Crochet

Figs. 1-5. 1-3. Macrop.syUa novaehollaudiae (male). Coles liay, lasinania. 1. rcniiinal segments (arrow

denotes lack of sinus on sternum IX). 2, Aedeagus (arrows denote dorsal and vental anal lobes). 3, Apex of

aedeagus (note relative size of sclerotized inner tube and spatulate spiniform on basimere). 4-5, M. hercules

(malet Pearl Beach. New South Wales. 4 Terminal segments with right side and aedeagus removed (P1/P2 =

processes 1 and 2 of basimere; sinus on caudal margin of sternum IX). 5, Terminal aspect of aedeagus (note

relative size of sclerotized inner tubes of Figs. 3 and 5).

on t. VII much tiner and curving strongly

caudad below level of spiracle (Fig. 7), 3)

dorsal antesensilial bristle % or inore the

length of the middle brisde (only Vi in M.

hercules), 4) sclerite in dorsal wall of ovi-

duct larger and expanded dorsally (trian-

gular vs. rectangular) (Figs. 13-14), and 5)

a combination of marginal spinelets on t. V
interrupted dorsally with no more than one

spinelet extending below level of spiracle

(Fig. 7, white arrow).

Description.

—

Head: Clear marginal

band running parallel with frons and di-

verging dorsad, without setation. Narrow

pale marginal band parallel with frons. Six

large setae and patch of smaller setae adorn

preantennal area in a random pattern in ad-

dition to numerous minute scattered setae.

Eye well developed, notched ventrally, sit-

uated dorsad of angled row of 9 broad spat-

ulate genal ctenidia. Anterior arm of ten-

torium visible well below eye and anterior
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higs. (1-17. 6-7. MiicrosylUi iioviiehollaiutuic (male hokitype. female allotype, respeetively. Coles Bay, Tas-

mania). 8-9, M. hercules (female lectotype, female paralectotype, Launceston, Tasmania). 10-11, M. hercides

(females). Kangaroo Island, Australia. 12. M. hercules. enlargement of broken teeth noted in Fig. 8. 13, M.
novaehoUaiuliae (allotype), sclerite of bursa copulatrix. 14, M. hercules. sclerite of bursa copulatrix. 15, M.
novaehollaniliae (allotype), spermathecae. 16-17, M. hercules. 16. Spermathecae (lectotype). 17, Spermathecae

(Kangaroo Island).
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to genal ctenidia. central internal oral tuber

arising from oral angle. Antenna of male

extending onto prosternum. some setae on

pedicel extending about half length of an-

tenna. Female antenna not extending to

prosternum and longer setae of pedicel ex-

tending nearly to apex of antenna. Postan-

tennal region with two defined rows of se-

tae, with anterior setae somewhat scattered.

Row of 10-13 slender setae along dorsal

margin of antennal fossa. Distinct suture

separating preantennal and postantennal ar-

eas. Internal occipital tuber present. Max-
illary palpus 5-segmented in both sexes, la-

bial palpus 8-segmented in male and 9-seg-

mented in female extending just short of

apex of coxae. Maxillary lobe sharply acute

at apex. Internal apodeme connecting head

to thorax extending deep into prothorax.

Thorax: Three rows of setae on prothorax

and pronotal comb of 15-16 teeth per side

in both sexes. Proepisternum with dorsal

depression on male to accommodate clavus

of antenna, less pronounced in female.

Meso- and metanota with 5 rows of setae,

each row diminishing in size cephalad. Me-
sepimeron and mesepisternum with many
scattered setae, pleural rod stout and bifur-

cate dorsally. Lateral metanotal area with 7

scattered setae in male and 3 vertical rows

(2, 4, 3-4 setae, anterior to posterior) in

female. Pleural arch well-developed, dorsal

portion heavily sclerotized. Metepisternum

bearing 2 moderate setae dorsally, metepis-

ternum fusing with that of other side and

protruding downward between coxae. Me-
tepimeron with 3 vertical rows of setae,

posterior stoutest and most dorsal seta be-

low level of spiracle. Legs: Lateral surface

of forecoxa heavily setose, mesal surface

reticulated without setae. Mid- and hind-

coxae with sparse small setae along anterior

lateral and mesal margins. Oblique sulcus

of midcoxa complete. Two femoral pit

guard hairs on each femur, each about equal

in size on mid- and hindfemora, medial

smaller on forefemur (see Remarks). Nu-
merous lateral setae found on all femora

and only 2-3 setae on mesal surface of

each. Each femur with coarse surface retic-

ulations. Lateral bristles guarding femoral-

tibia! Joints k)ngest of pair on forefemur

and shortest on mid- and hindfemora. Dor-

sal margin of foretibia adorned with many
heavy long spines (one nearly reaching

apex of second tarsal segment) resembling

a false comb; mid- and hindtibiae with 7

and 8 dorsal notches, respectively, with ad-

ditional setae interspersed between notches.

Mesal surface of mid- and hindtibiae sculp-

tured with triangular scalelike reticulations.

Hindtibia with apical tooth. Segment I of

hindtarsus about as long as hindtibia and

segment II longer than segments III and IV

combined. Fifth tarsal segment of each leg

adorned with a complex set of lateral plan-

tar bristles; tirst pair set onto plantar surface

positioned between second pair, third and

fourth pairs each with two bristles per side.

Each plantar surface with many minute se-

tae and 2-4 (variable) preapical plantar

bristles (some spiniform). Unmodified ab-

dominal segments: Chaetotaxy of t. I-VII

variable. Only posterior main rows with in-

tercalary setae. Tergites I-VI of male bears

3, 4, 4, 4, 4, and 3 rows, respectively and

t. VII with a single defined row and nu-

merous smaller setae scattered anteriorly.

Female with similar pattern, but anterior

rows less defined. Both sexes with marginal

spinelets on t. II-V with row of spinelets

intenupted dorsally on t. V. These total 46,

44, 36, and 30 (male), and 49, 44, 44-45,

and 28-31 (female), respectively. Number
of spinelets below level of spiracle on t. II-

IV 7, 3, and 3 (male) and 6-8, 1-5, and 0-

2 (female). Those situated below level of

spiracle on t. V range from to 2 in both

sexes. Both sexes with 3 antesensilial bris-

tles, ventral pair of equal length, and dorsal

bristle % as long as others. Abdominal st.

II with a lateral patch of small setae (more

numerous in female), and a single ventral

seta per side; male with 5-7 stout setae per

side in main rows and numerous scattered

setae anterior to main row on st. III-VII,

female same for st. Ill- VI. Modified ab-

dominal segments (male): Tergum VIII re-
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duced, covering little of terminal segments

and bearing patch of fine setae across dor-

sum. Atrium of eighth spiracle greatly ex-

panded, reminiscent of some species of Me-

gabothris Jordan 1933. Basimere with two

lobes (PI and P2). P2 is highly modified

immovable apical process (anatomically in

usual position of the telomere) which bears

9-10 blunt spiniforms on mesal surface and

single unique spatulate spiniform arising

from sinus between the PI and P2 (Figs. 1,

4). Located just below sensilium on basi-

mere, 2 structures, which appear as vestigial

telomeres, each with several slender setae

apically (Fig. 3, arrow). Anterior portion of

basimere heavily sclerotized. Sternum VIll

with group of 9—10 stout setae per side near

caudal margin with numerous smaller setae

scattered over surface. Distal arm of st. IX

uniquely fused into single structure (paired

in most other genera of fleas) bifurcating at

base into usual proximal arms. Apex of

fused distal arms adorned with 6 spiniform

setae and numerous stout setae. Caudal

margin with beak-like process with margin

below entire without indication of sinus

(Fig. 1, arrow). Dorsal anal lobe studded

with blunt spiniforn setae, ventral anal lobe

bearing 2 long slender setae (Fig. 2, ar-

rows). Many portions of aedeagus more

highly sclerotized than those of other fleas,

particularly sclerotized inner tube, crescent

sclerite, crochet, and medial and lateral

lobes of fulcrum. Modified abdominal seg-

ments (female): Three antesensilial bristles,

dorsal bristle about % length of middle bris-

tle. Tergum VIII greatly expanded ventrally

so as to envelop vestigial (membranous) st.

VIII, covered with many setae, and those

towards caudal margin more robust than

those more anterior. Caudal margin forming

angular lobe. Sensilial plate projecting an-

terior to caudal margin of t. VII, interrupt-

ing dorsal portion of t. VIII. Dorsal anal

lobe much larger than inconspicuous re-

duced ventral anal lobe. Anal stylet nearly

three times as long as wide, bearing single

minute seta at base of long apical seta. Ster-

num VII without lobes or sinuses and st.

VIII vestigial. Paired spermathecae similar

in size and much like those of M. hercules

(Figs. 15-17). Hyperdeveloped trianglular

sclerite in bursae copulatrix, rectangular in

M. hercules (Figs. 13-14).

Size: Slide mounted specimens: male,

4.1 mm(n = 1), female, 4.5 mm(n = 2).

Alcohol specimens: female, 3.3 mm(n =

2).

Etymology. —This species is named after

the specific name of the host species, Pseu-

domys novaehollandiae, as a noun in ap-

position.

Remarks. —Nowak and Paradiso (1983)

indicated that the New Holland mouse, P.

novaehollandiae was limited to a few col-

lections early in the 1900s from New South

Wales to Mornington Peninsula of southern

Victoria and from subfossil remains found

in Tasmania until 1976 when Hocking

(1980) reported a population on the north-

eastern coast of Tasmania. Macropsylla

hercules is commonly found throughout

eastern Australia from Queensland to South

Australia and Tasmania on a variety of mu-

rid hosts, none of which include P. novae-

hollandiae. The rarity of collecting P. no-

vaehollandiae (to include its ectoparasites)

probably accounts for the failure to previ-

ously find this new species of flea. Addi-

tonal collection of this endangered host spe-

cies on mainland Australia will predictably

yield additional specimens of M. novaehol-

landiae.

A pit located on the ventral anterior mar-

gin of the femora of each leg has previously

not been reported. Although the function of

this pit is not known, it appears to be pre-

sent on most, if not all species of fleas. Dor-

sad to the "pit" are two stout setae that

project downward over the "pit" so as to

shield the underlying "pit" structure. The

size and arrangement of these setae are var-

iable from species to species and may be

consistent among different families. The

details and significance of this new obser-

vation will be published elsewhere.
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Discussion

Oudemans (1909) placed Mcuropsylhi in

a separate subfamily (Macropsyllinae) and

family (Macropsyllidae) based on the pres-

ence of an internal occipital tuber and Hop-

kins and Rothschild (1956), ignoring the

subfamily, followed the same scheme and

included a second monotypic genus, Ste-

phanopsylla Rothschild, in this family. Smit

(1982) astutely did not recognize this ar-

rangement and placed Macropsyllinae in

the family Hystrichopsyllidae (it is pre-

sumed that he also included Stepliaiiopsyl-

la, since there was mention of six genera in

his family discussion). Lewis (1993, 1998)

also followed this arrangement. Several ob-

servations substantiate the current system-

atic arrangement. Characters commonly
shared by Macropsylla and other genera of

the Hystrichopsyllidae include: 1 ) nearly a

complete fusion of the distal arms of st. IX

from base to apex; 2) presence of dual sper-

mathecae; 3) combs or spinelets on one or

more abdominal tergites; 4) anterior branch

of tentorium visible; 5) apical tibial spur

present; 6) mesopleural rod bifid (only

slightly in Typhloceras Wagner); and 7)

common pattern of femoral-tibial joint bris-

tles (protibia, outer long, inner short, and

meso- and metatibia, outer short, inner

long). Smit (1982) indicated the absence of

the anterior arm of the tentorium as a char-

acter to distinguish genera of the subfamily

Macropsyllinae from those of Hystrichop-

syllinae. Although the tentorium does not

extend as far anteriorly in Macropsylla as

it does in Atyphloceras Jordan and Roths-

child, Ctenoparia Rothschild, Hystrichop-

sylla Taschenberg, and Typhloceras, it is

visible. Specimens of Stephanopsylla tho-

masi (Rothschild) were not examined; how-

ever, illustrations of this monotypic genus

appear morphologically similar to Macrop-

sylla except for extreme modifications in

the structure of the head. These similarities

include an angular genal comb, mouth parts

placed well behind the oral angle (lesser in

Macropsylla), presence of abdominal

combs on t. Il-V (Macropsylla) and t. 1-Vl

(Stephanopsylla), presence of a dorsal oc-

cipital tuber, and a frons composed of a nar-

row frontal ridge separated by a narrow

band (in lateral view) with a uniform row
of minute setae along its posterior margin.

These characters distinguish members of

the Macropsyllinae from those of Hystri-

chopsyllinae.

Much emphasis has been placed on the

importance of the occipital tuber (Oude-

mans 1909, Hopkins and Rothschild 1956).

In addition to taxa belonging to Macrop-

syllinae, this structure is present in all gen-

era of Stephanocircidae (minimally so in

Barreropsylla Jordan). Wagner (1934) am-
ply (and accurately) described the occipital

tuber and other structures within the head

capsule, using the stephanocircine Plocop-

sylla enderleini Wagner as a model. The na-

ture of the occipital tuber can only be un-

derstood when viewed from a frontal or

dorsal view (dissected specimens). The
conventional lateral view of this structure

might suggest that the apodeme is project-

ing centrally into the middle of the head,

which is not the case. The structure is com-

prised of a heavily sclerotized ridge which

follows the contour of the occiput adding

rigidity and strength to the head capsule.

The term occipital bridge might be more

descriptive than occipital tuber. It is not sur-

prising that sephanocircids possess it, since

the structure of the head is highly modified

to accommodate the helmet found in no

other fleas [except the unrelated Smitella

thambetosa (Pygiopsyllidae)]. Traub (1968)

explained this convergent evolutionary con-

dition in detail. Some members of Ischnop-

syllidae also possess highly modified in-

crassations on the occipital areas of the

head. One can only speculate why the oc-

cipital tuber occurs in relatively unrelated

genera whose basic head structures are

quite different. The peculiar shape of the

frons in Macropsyllinae is reminiscent of

some members of the family Ishnopsylli-

dae, but this feature is likely an indepen-

dently convergent development. Hopkins
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and Rothschild (1956) suggested the Is-

chnopsyllidae (and Stephanocircidae) might

well have been descendents of ''Macrop-

syllidae." Phylogenetic analysis of DNA
sequence data does not support a close re-

lationship between the Ischnopsyllidae and

Macropsyllinae. These observations will be

discussed in a future paper

Both genera in the subfamily Macrop-

syllinae are restricted to the Australian sub-

region of the Australian Region. The iso-

lated evolution of hystrichopsyllids (Ma-

cropsylla and Stephanopsylla) in Australia

is puzzling considering the disjunct distri-

bution of other hystrichopsyllids {Atyphlo-

ceras, Ctenoparia, HysthchopsyUa and Ty-

phloceras). With exception of Ctenoparia,

other genera of Hystrichopsyllidae are bo-

real inhabitants occurring in the Holarctic

Region {HysthchopsyUa, Atyphloceras) and

in the Palaearctic Region (Typhloceras).

Although Ctenoparia and the two Austra-

lian genera share familial characteristics

and early common geographical connec-

tions (Gonwanaland), they are quite dissim-

ilar. It is evident that they were isolated

very early or they were introduced by com-

mensal murid rodents via human oceanic

travels.

Jordan (1921) suggested that the differ-

ence in sizes of the two spermathecae of

Macropsylla might be an evolutionary in-

termediate link between those genera pos-

sessing dual spermathecae and those with

only one. Illustrations (Dunnet and Mardon

1974) of the female of Stephanopsylla tho-

masi and all specimens of Macropsylla that

we examined demonstrate significant dis-

parity in the shape and size of the paired

spermathecae, whereas those of other gen-

era (excluded from Australia) are consis-

tently similar. Traub (1980) provided evi-

dence that the Australian Hystrichopsylli-

dae {Macropsylla and Stephanopsylla) are

the most ancient genera in the family. If this

proves to be the case, one would expect the

more primitive genera of the Hystrichop-

syllidae {Macropsylla and Stephanopsylla)

to possibly manifest greater morphological

variability than more recently evolved taxa

{Atyphloceras, Ctenoparia, Hystrichopsyl-

la, and Typhloceras). Other than exteme

modification of the head, Stephanopsylla is

more similar to other hystrichopsyllids than

Macropsylla. These similaries are noted

particularly in the general features of t. IX,

St. VIII, and the aedeagus. The extreme

modification of the head of Stephanopsylla

may be an evolutionary adaptation to its

marsupial host species (Dasyuridae Gold-

fuss and Potoroidae Gray). Stephanopsylla

thoniasi has a peculiar disjunct distribution

in Australia with a rather small number of

specimens recorded from Western Australia

and from Victoria, Australia. Additional

collections are needed to elucidate the geo-

graphical distribution of Stephanopsylla

thoniasi.

The apparent preference of Macropsylla

for murid rodents (/?. fuscipes and R. lu-

treoliis) is yet another indication of the sys-

tematic relationship to the Hystrichopsylli-

dae, as other genera in this family all share

murid rodents as their preferred hosts. Dun-

net and Mardon (1974) reported Australian

fleas from 48 different genera of marsupials

and only 12 genera of murid rodents. Re-

cords of Macropsylla occurring on marsu-

pials are undoubtedly accidental associa-

tions. Divergence of the ancestral hystri-

chopsyllid likely occurred after introduction

into Australia on murid rodents, some

evolving after a successful transition to

marsupial hosts (Stephanopsylla) while oth-

ers continued evolving on murids {Macrop-

sylla).
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